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ABSTRACT
Effects of wildfire on plant and insect pollinator communities in the Mojave Desert
By
N.T. Vivian Sam
Dr. Scott R. Abella, Examination Committee Chair
Associate Professor
University of Nevada, Las Vegas

The changing fire regime of landscapes across the Mojave Desert has prompted
considerable research on its effects on plant community recovery, but it has not been widely
studied what effects wildfire may have on native pollinators and the vital ecosystem services they
provide. Ecological changes from increased wildfire severity from invasive exotic annual grasses
will likely continue influencing pollinator habitats and floral resources. Understanding the effects
that wildfires have on pollinators is valuable to make decisions as to whether active management
and restoration activities are required to conserve ecologically vital pollinator functions. The
intention of this thesis was to examine the effects of wildfire on insect pollinator communities and
whether insect pollinator communities may be associated with different vegetative community
structures in burned and unburned areas.
This thesis assessed plant and pollinator community differences between burned and
unburned areas on three fires that occurred in 2005 in and around Red Rock National Conservation
Area in Clark County, Nevada of the eastern Mojave Desert. The study was conducted through
pan trapping, aerial netting, and floral visitor observations that took place in 2019-2020 and
yielded over 4,600 individual insect pollinators within 62 taxa. Effects such as burn status and

iii

various plant community characteristics on pollinator abundance and richness after 14-15 years
was evaluated.
No significant differences occurred between burn status on general plant community
variables including plant cover and richness. Burn status did not have a significant effect on overall
richness and abundance of the pollinator communities of interest. However, burn status differences
within the orders of Coleoptera, Hymenoptera, and Lepidoptera appear to be contingent on both
sampling season and year. Burned sites had higher pollinator density in fall 2019, though this
pattern did not occur in either of the spring seasons. Spring 2019 burned areas showed higher
Hymenoptera density, while spring 2020 burned areas showed higher Lepidoptera density. Mixedmodel analyses of variance show associations of fire sites and various pollinator taxa and plant
species. Considering that results of this study are varied, a main conclusion is that pollinators are
resilient to wildfire and have appeared to recover to unburned pollinator community levels more
fully than vegetation at 14 and 15 years since disturbance.
Although these results do support hypotheses in the literature that predict insect pollinator
groups to be marginally affected by wildfire, interpretations cannot be made on specific individual
pollinator species or on how pollinators may respond immediately after wildfire occurs.
Information from this research provides a basis for future studies on Mojave Desert wildfire and
pollinator communities. These findings add to the broader understanding of Mojave Desert
wildfire effects on pollinators and can help inform the management and restoration of pollinators
and their habitats in arid lands.
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CHAPTER 1: INTRODUCTION
The goal of this thesis project was to contribute to the understanding of how Mojave
Desert pollinator and plant community interactions may be affected by wildfire, and to assess
whether wildfire influences conservation-priority, invertebrate pollinator groups. The ecological
process of pollination is crucial for plant species’ reproduction and diversity yet is vulnerable to
disruption and declines from land-use changes and defaunation (Neuschulz et al. 2016). Humancaused habitat loss and disturbance around the world have generally negatively affected floral
resources and nesting sites of pollinators, putting pollinators and pollination processes at risk
(Kremen et al. 2007; Neuschulz et al. 2016).
The southwestern United States deserts are considered to be biodiversity hotspots, with
almost 600 known species of bees in Clark County, Nevada alone (Griswold et al. 2006; Meiners
et al. 2019). Many of these species have not been studied or have been little studied, so it is not
known how many of these species may be rare or endangered. With a changing fire regime, it is
ever more important to try to understand the trends and effects that wildfire may leave on insect
pollinators, especially in an area where pollinators are so widely diverse.
Since the 1980’s, wildfires in the Mojave Desert have been increasing in extent, fueled by
exotic grasses (Brooks and Chambers 2011; Brooks and Matchett 2006). In just 2005, over
320,000 hectares of the Mojave Desert experienced wildfire (Brooks and Matchett 2006). These
unprecedented wildfires in the Mojave Desert have pressured land managers and scientists to
examine and better understand fire effects on different plant communities and how vegetative
recovery proceeds (Abella 2009; Abella et al. 2009; Brooks and Chambers 2011; Engel and
Abella 2011; Abella and Engel, 2013; Lybbert et al. 2017). However, there has not been as much
investigation into how insect pollinators have been affected by wildfire.
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Much of the research that examines wildfire effects on insect pollinators has been
conducted in other parts of the world, such as Europe and the eastern and south-eastern United
States, finding that there generally is not a major effect on the abundance and diversity of flower
visitors in those areas, even shortly after burn disturbances (Lybbert et al. 2017). The same
patterns have been hypothesized for pollinators in southwestern deserts (Lybbert et al. 2017).
However, historical fire regimes in the Mojave Desert, which were rare and less intense, do
differ drastically from those in areas where wildfire and insects have been more thoroughly
studied, as those ecosystems are better adapted to fire. Effects, if any, on insect pollinators in the
Mojave after wildfire may be more considerable and longer lasting. Research for this thesis
project was conducted in the eastern Mojave Desert, in and around Red Rock Canyon National
Conservation Area in areas that experienced wildfire in 2005. The following research questions
were proposed for this study:
1. Do richness and abundances of potential insect pollinator communities vary between

burned and unburned areas of the Mojave Desert?
2. Are potential insect pollinator communities associated with different vegetative

communities and structures in burned and unburned areas?

Chapter 2 is a literature review that assesses the historical and changing fire regimes of the
Mojave Desert, fire impacts on insect pollinators in both temperate and desert ecosystems,
general plant-pollinator interactions, previous Mojave Desert pollinator and insect studies, and
limitations of plant-pollinator studies. Chapter 3 is a manuscript that addresses the above
research questions with methodology, results, and a discussion and autecology of select
pollinators. This thesis is concluded in chapter 4 as a summary, emphasizing opportunities for
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future research and conservation applications. Appendix F contains photos from the
photographic reference collection developed during this project and from microsite observations.

3

REFERENCES

Abella, S.R. and E.C. Engel. 2013. Influences of wildfires on organic carbon, total nitrogen, and
other properties of desert soils. Soil Science Society of America Journal 77:1806-1817.
Abella, S.R., E.C. Engel, C.L. Lund, and J.E. Spencer. 2009. Early post-fire plant establishment
on a Mojave Desert burn. Madroño 3:137-148.
Abella, S.R. 2009. Post-fire plant recovery in the Mojave and Sonoran Deserts of western North
America. Journal of Arid Environments 73:699-707.
Brooks, M.L. and J.C. Chambers. 2011. Resistance to invasion and resilience to fire in Desert
Shrublands of North America. 2011. Rangeland Ecology & Management 65:431-438.
Brooks, M.L. and J.R. Matchett. 2006. Spatial and temporal patterns of wildfires in the Mojave
Desert, 1980-2004. 2006. Journal of Arid Environments 67:148-164.
Engel, E.C. and S.R. Abella. 2011. Vegetation recovery in a desert landscape after wildfires:
influences of community type, time since fire and contingency effects. Journal of Applied
Ecology 48:1401-1410.
Griswold, T.K., S. Higbee, and O. Messinger. 2006. Pollination ecology final report for
biennium 2003, Clark County, Nevada (2004-2005). USDA-ARS Bee Biology and
Systematics Laboratory, Utah State University, Logan, UT.
Kremen, C., N.M. Williams, M.A. Aizen, B. Gemmill-Herren, G. LeBuhm, et al. 2007.
Pollination and other ecosystem services produced by the mobile organisms: a conceptual
framework for the effects of land-use change. Ecology Letters 10:299-314

4

Lybbert, A.H., J. Taylor, A. DeFranco, and S.B. St. Clair. 2017. Reproductive success of wind,
generalist, and specialist pollinated plant species following wildfire in desert landscapes.
International Journal of Wildland Fire 26:1030-1039.
Meiners, J.M., T.L. Griswold, and O. Messinger Carril. 2019. Decades of native bee biodiversity
surveys at Pinnacles National Park highlight the importance of monitoring natural areas
over time. PLoS ONE 14:e0207566. https://doi.org/10.1371/journal.pone.0207566
Neuschulz, E.L., T. Mueller, M. Schleuning, and K. Bohning-Gaese. 2016. Pollination and seed
dispersal are the most threatened processes of plant regeneration. Scientific Reports
6:29839. DOI: 10.1038/srep29839.

5

CHAPTER: 2 LITERATURE REVIEW
Introduction
The conservation of pollinators and their ecosystem services in food production, plant
reproduction, and biodiversity is a subject that continues to gain popularity as land use changes
and disturbances increase. These anthropogenic influences have had differing impacts on various
pollinator groups. Disturbances such as wildfire is of significant concern, especially within the
Mojave Desert, which has been recently experiencing an increase in the extent of fires as
compared to pre-settlement fire regimes (Brooks and Matchett 2006; Brooks and Chambers
2011). With 3% of the Mojave Desert experiencing wildfire in 2005 alone (Brooks and Matchett
2006), treatment and restoration of burned Mojave Desert lands for the preservation of plants and
wildlife is of important interest for land managers.
While there is and continues to be accumulating research in how plants and plant
communities respond to wildfires in the Mojave, much less research has been conducted on the
response of pollinators such as bees and wasps. Largely, pollinator community responses have
been generally positive or little affected after wildfire in other ecoregions of the world (Lybbert
et al. 2017), though this has yet to be tested extensively in arid deserts of the southwestern
United States. There exists a gap in the understanding of how insect pollinators may respond
post-wildfire in an ecosystem where both plants and animals are not evolutionarily accustomed
to the changing fire regime occurring today. It is particularly important that this topic be studied
at both a community level and species level when possible, as there are many limitations to
invertebrate and pollinator-plant studies.

Pollinator importance
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Pollinator and plant interactions is of growing global interest and importance for
biodiversity conservation. With 60-90% of wild flowering plant species requiring animal
pollination (Kremen et al. 2007), pollinators provide vital ecosystem services. Pollination can
maintain plant diversity, enhance food and habitat resources for other animals through providing
vegetative cover, and contribute to primary productivity (Kremen et al. 2007). As stressed by
Kearns and Inouye (1997), “The ultimate fate of many plants may depend on preserving their
mutualistic relationships with pollinators and with the web of organisms that affect both plant
and pollinator.”
The most important flower visitors and largest group of insect pollinators are within the
order of Hymenoptera (which include bees and wasps), of which there are at least 25,000 species
of bees (Kevan and Baker 1983; Willmer 2011). All bees obligately visit flowers, and adult
wasps are anthophilous, visiting flowers to feed themselves and their larvae (Kevan and Baker
1983). Other important insect pollinators include the orders Diptera, Coleoptera, and
Lepidoptera.
The vital ecological processes of plant pollination and seed dispersal are threatened. Plant
and pollinator systems have been well documented to be disrupted globally, oftentimes due to
anthropogenic influences such as non-native species introduction, land-use changes, and
disturbances (Kearns and Inouye 1997; Kremen et al. 2009; Winfree et al. 2009; Potts et al.
2010).
One of these threats to plant-pollinator systems is invasion by non-native species of both
insects and plants. For example, exotic bees can increase competition between native flower
visitors for floral resources and nesting sites (Goulson 2003). Exotic bees may also contribute to
the pollination of non-native plants, which can cause pollen limitation in rarer plants that may be
7

fragmentedly isolated in habitat (Hill et al. 2008). Plant reproduction and population sizes can
suffer from pollen limitation, constraining seed sets and populations such as arid flowering
species Oenthera deltoides and Lesquerella fenleri (Pavlik and Manning 1993). When non-native
plant species replace natives, the diversity of interaction between plants and insects can decline
(Richard et al. 2009). Invasive plant removal, though a challenge due to its time, cost, and effort,
can significantly and positively affect the richness and abundance of wild bees (Tonietto and
Larkin 2018).
Higher heterozygosity, which increases genetic variability, within animal-pollinated
plants is imperiled along with the decline of pollination (Kearns and Inouye 1997). These landuse changes can increase the fragmentation of habitat and affect resource availability to
pollinators. It has been documented that pollinators, such as wild bees, respond positively in
abundance and richness to larger patches of wildflowers (Blaauw and Isaacs 2014). Over a 27year study period within protected areas in Germany, declines of 76-82% of total flying insects
were documented and thought to be due to anthropogenic influences, notably, land use change
(Hallman et al. 2017). These land-use changes and fragmentation can trigger further complex
interaction effects such as spatial isolation and genetic differentiation, especially on pollinators
that are oligolectic, specializing on collecting the pollen of one or a few closely related plant
species (Zayed et al. 2005; Kremen et al. 2007).
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Fire in the Mojave Desert
Since the 1980’s and 1990’s, the Mojave Desert, an arid region of southeast California,
southern Nevada, and extending into Arizona and Utah, has experienced increased fire extent not
evident in pre-settlement historical records (Brooks and Matchett 2006; Brooks and Chambers
2011). Pre-settlement fires were infrequent in low elevation shrublands, which are dominated by
open Larrea tridentata (creosote bush) stands that provided only sparse fine fuels (Brooks and
Chambers 2011). Greater amounts and continuity of fuel, but still with slow accumulation due to
limited rainfall, in middle elevation shrublands of Coleogyne ramosissima may have experienced
pre-settlement burns in intervals of centuries (Webb et al. 1987). Between 1980 and 2004, there
were over 8,600 fires that burned 292,000 hectares of the Mojave Desert (Brooks and Matchett
2006). Over 320,000 hectares burned in 2005 alone within low and middle elevation shrublands
of the Mojave, which may be attributed to landscape-scale invasive plants such as Bromus that
augment native fuel loads to facilitate the spread of fire (Brooks and Matchett 2006; Brooks and
Chambers 2011). Bromus species significantly increase in growth and add to the fuel load after
years of high rainfall (Brooks and Chambers 2011), further enabling fuel continuity and
widespread, severe wildfires. Bromus invasions are likely to increase, as Bromus responds to the
elevation of CO2 by increasing in biomass (Smith et al. 2000). Fuel treatments have thus far been
limited in the Mojave Desert, suggesting the possibility of continued fire activity and potential
widespread effects on plant communities and pollinators.
Each year, over two million human visitors come to Red Rock Canyon National
Conservation Area (Bureau of Land Management 2020). The perpetuation of more severe fires
can make vulnerable iconic ecosystems and their resources, including resources such as Red
Rock Canyon National Conservation Area. The alteration of these ecosystems from mature
9

shrublands to invasive grasses and intense wildfire can alter visitor experiences such as those
wishing to view a natural desert ecosystem. These well-known landscapes are replaced with
fields of invasive grasses after years of high rainfall and are scarred and disfigured landscapes
after intense wildfires.
Effects of this changing fire regime on vegetation in western North American deserts
have been examined through several studies (e.g., Abella 2009; Shryock et al. 2015; Lybbert et
al. 2017). Vegetation recovery after wildfires in the Mojave and Sonoran was found to be
dependent upon landscape elevation, precipitation, key soil nutrients, and soil texture (Engel and
Abella 2011; Abella and Engel 2013; Shryock et al. 2015). In an analysis of 14 post-fire
vegetation recovery studies within the Mojave and Sonoran, there was little evidence that species
composition converged to that of unburned areas even 47 years after fire (Abella 2009). Burned
desert landscapes areas can take centuries to millennia to re-establish communities consisting of
long-lived dominants, such as C. ramosissima (Lovich and Bainbridge 1999; Abella et al. 2009).
Plants that can re-sprout from below-ground shoots are rare and slow-growing, and seedbanks
become damaged (Abella 2009). In an assessment of Mojave native perennials seven years after
a burn, plant density and percent cover were either neutrally affected or reduced by fire, while
species composition shifted substantially (Lybbert et al. 2017). Some plants that were common
in nearby unburned areas, such as Krameria and Ambrosia, were unable to even be located
within areas of burns (Lybbert et al. 2017). The individuals that did survive fire had better
reproductive success in terms of flower and fruit production per plant, but lower plant densities
within these burned areas gave way to less flowering and seed set per area (Lybbert et al. 2017).
Flower and fruit production of plants that have a generalist reproductive specialization, such as
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L. tridentata, Encelia farinosa, and Thamnosma montana, which produced two times more
flowers and fruit in burned than unburned areas (Lybbert et al. 2017).
Engel and Abella (2011) found recovery time in 32 Mojave fires to differ between
community types: Larrea communities recovered to similar species composition to that in
unburned areas 19 years after a fire, as opposed to communities dominated by Coleogyne, which
failed to show similar convergence with regards to fire age. Fire did increase early establishing
perennial plant diversity, such as Baileya multiradiata and Sphaeralcea ambigua in Coleogyne
communities, though this was in place of mature shrublands (Abella et al. 2009).
While knowledge of post-fire responses of desert vegetation has been accumulating, less
is known regarding responses of insects to desert wildfires and whether fire changes plantpollinator relationships. Pollinator community responses to such changes caused by wildfires
have been little studied, especially within desert ecosystems of the American Southwest.

General plant-pollinator relations at a community scale
Frequently, greater richness of flowering plant species and resource availability is
positively correlated with higher pollinator diversity and frequency of pollinator visitation
(Ebeling 2008; Hegland and Boeke 2006; Lowe and Foltz-Sweat 2016; Adedoja 2019). In
temperate grassland communities, blossom density, calculated by number of inflorescence and
average size of inflorescence, is a better predictor of visitor presence than species richness
(Hegland and Boeke 2006). Presence of attractive plant species, which offer greater floral
resources, positively affects the frequency of pollinator visitation, though it does not have an
influence on pollinator richness (Ebeling 2008) within grassland communities.
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This stands true within desert ecosystems, where a driving factor of invertebrate
pollinator richness is that of flowering plant species richness and floral availability (Lightfoot
and Whitford 2009; Lowe and Foltz-Sweat 2016; Ruttan et al. 2016). In arid environments,
perennial shrubs can act as fertile islands of resources that enable annuals to, together, facilitate
insect communities (Ruttan et al. 2016), likely through the increased availability of floral
resources. Along Northern Chihuahuan Desert roadsides, where Larrea has twice the density and
canopy cover as in undisturbed stands, arthropod abundance and species richness were found to
be greater (Lightfoot and Whitford 2009). Similarly, Lowe a nd Foltz-Sweat (2016) found higher
bee species richness and diversity within Phoenix, Arizona urban areas, again, likely due to
increased floral species richness often correlated with increased urbanization. There are both
negative and positive effects that may occur with facilitative plants when flowering times may
interfere with each other and compete for flower visitors, usually when the competing floral
resources are of much higher density than the one in question (Bruckman and Campbell 2016;
Braun et al. 2020). L. tridentata facilitation effects within the Mojave Desert are generally
positive (Ruttan et al. 2016; Braun et al. 2020).
Areas of fragmentation within the upper Sonoran Desert, compared to undisturbed desert
landscapes, hosted more generalist bee species that are cavity nesters rather than ground-nesters,
which declined in number within smaller fragmented urban habitats (Cane et al. 2006). Bees that
are specialists of Larrea, ground-nesters, were abundant in undisturbed desert landscapes, but
extirpated within the fragmented urban areas. Fragmentation leading to a shift in the native insect
pollinator can be especially concerning for rare plant species that are susceptible to pollen
limitation, requiring certain species for their reproductive success (Hill et al. 2008).
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Effects of fire on insect pollinators
Much of the research that assesses fire impacts on insects occurred in Europe or the
eastern United States, where fire regimes differ from those in the American Southwest.
Immediately after wildfire, insect presence declines drastically since niche diversity is lowered,
and the change in habitat from vegetative regrowth afterwards determines the composition of
insects present (Swengel 2000). Generally, abundance and diversity of pollinator communities
have been minimally or positively affected by wildfires in temperate ecosystems (Potts et al.
2003; Campbell et al. 2006; Pryke and Samways 2012; Lybbert et al. 2017), where natural fire
regimes differ from the Mojave Desert. Bees, being mobile and able to take advantage of patchy
resources, can tolerate or even benefit from low levels of disturbance (Potts et al. 2010). In fact,
many ground-nesting mining bees can tolerate or nest deep enough into the ground that their
populations would persist from intense wildfire (Cane et al. 2011). Within the southeastern U.S.,
a study found solitary bees, which are important for pollination, to have higher species richness
and density in areas that were burned compared to controls (Campbell et al. 2007), likely due to
the increased availability of bare ground for ground-nesters and increased flowering of
understory vegetation. It can be predicted that this pattern may occur in the Mojave Desert, with
wildfire increasing ground-nesting availability for specialist pollinators like Diadasia,
Habropoda, Colletes, and Trachusa bee species that prefer flowers of cacti and Larrea.
Lybbert et al. (2017) found that flower production of both wind-pollinated and generalist
plants increased more than two-fold along burned edges and interiors of the Mojave as opposed
to unburned. Based on this and other post-fire flower visitor assessments in different ecosystems,
it was predicted that pollinator communities in desert landscapes will be minimally affected by
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wildfire disturbances. However, this hypothesis has not yet been tested in warm desert regions of
the American Southwest.

Invertebrate studies and limitations
Sampling for invertebrate pollinators, even within the more known Hymenopteran group,
is difficult for several reasons. There is a lack of detailed regional insect fauna, diverse
taxonomy, few experts who can identify to species, large spatio-temporal variability within and
between years, and requires trained observation (Willmer 2011). As it is also difficult to
correctly identify native bees in the field, collections must be completed to identify specimens
within the laboratory (Griswold et al. 2003). A combination of collection methods is required to
more accurately represent relative abundances of bee species present, especially within a desert
landscape (Wilson et al. 2008). The required amount of extensive effort needed to repeat surveys
of bee populations makes it difficult to capture ecologically relevant data (Meiners et al. 2019).
The sheer amount of undocumented diversity within bees in biodiversity hotspots can be
overwhelming. Clark County, Nevada has one of the highest bee biodiversity per area in the
United States, with 598 species within 67 genera documented over three years (Griswold et al.
1999). Other southwestern United States deserts, such as Grand Staircase Escalante National
Monument, Utah, and San Bernardino Valley, Arizona similarly have high bee biodiversity
(Griswold et al. 2003; Meiners et al. 2019). The pollination ecology of many of these species has
yet to be studied. It is unknown how many may be rare and endangered. Much further
investigation is critical to better understand the diversity of species, their pollination services,
resource requirements, and conservation statuses.
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In many studies that assess the relationships between plant and insect richness and
abundances, it is important to note the variations and limitations within these studies.
Differences may be driven by variation in disturbance intensity, abiotic features such as soil
characteristics, and microclimates (Ebeling 2008; Adedoja et al. 2019). In non-controlled
disturbances such as burns, it is difficult to control for burns across landscapes. In unplanned
disturbances such as wildfires, disturbances may cause variability of plant species within
patches, thereby affecting insect pollinator prevalence.
It is helpful to understand that a flower visitor does not mean that the visitor is a
pollinator. In other words, an insect visiting a flower does not equate to pollination occurring. To
determine whether flower visitors are pollinating would require the comparison of seed
production as a measure of reproductive success to pollinator visitation rates (Griswold et al.
2003). This process of analyzing plants’ reproductive success is also time consuming and
requires forethought. It is also important to note that pollination decline may not always equate
to pollinator decline, as shown by Herrera (2019) within undisturbed Mediterranean montane
habitats. Though pollination decline and pollinator decline are thought to be closely correlated,
declines within keystone pollinators can be followed by shifts in the abundance and composition
of remaining pollinators to compensate for their service loss. However, this study occurred
within undisturbed habitats. In desert environments, where plant communities can take centuries
to recover to undisturbed conditions (Lovich and Bainbridge 1999), it is unknown if there may
be compensatory effects that can occur like those of this study.
Numerous studies do not separate plants by species, but rather pool them into forbs,
perennials, and annuals, making it difficult to differentiate among species effects (Love and Cane
2019). Not sampling to the finest taxonomic resolution but rather at a functional group level
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represents a compromise in the time and skill required to perform the sampling with the level of
detail a dataset produces. Full inventories of the plant community to the species level where
possible enables the most detailed study of the relationships among plants and pollinators, which
would also be inventoried to the finest taxonomic resolution possible or grouped into functional
groups. A unique feature of this thesis research is that it assesses the relationship between a
taxonomically detailed plant species community assessment (and dominant plant species therein)
with portions of an insect pollinator community. A great amount of time and effort is required to
dissect plant-pollinator relationships by species across a landscape. It is simpler to assess plant
communities at an ecosystem level. However, by circumventing this, important pollinator
specialists and their hosts may be overlooked.
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CHAPTER 3: MANUSCRIPT: EFFECTS OF WILDFIRE ON PLANT AND INSECT
POLLINATOR COMMUNITIES IN THE MOJAVE DESERT

3.1 Abstract
Pollinator and plant relations in response to disturbances are a growing topic of interest as
land-use changes continue to affect the habitat and floral resources of native pollinators. Effects
of the changing fire regime in the Mojave Desert on plant and pollinator communities are
understudied. This study assesses the plant and pollinator communities in three fires that
occurred in 2005 in and around Red Rock Canyon National Recreation Area in the eastern
Mojave Desert through pan trap and aerial netting collections in the seasons of spring 2019, fall
2019, and spring 2020 and perennial microsite flower visitor observations in spring 2019 and
2020. Collections yielded over 4,600 invertebrate pollinators within 62 taxa. Results of this study
show that pollinators within the orders of Coleoptera, Hymenoptera, and Diptera were little
affected by wildfire after 14 and 15 years since disturbance. Burn status had no significant
effects on the richness and abundance of the studied pollinator communities. This study acts as
groundwork for pollinator and wildfire studies that proceed in the Mojave Desert.
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3.2 Introduction
The study of pollinators and their relationship with plant communities is of growing
global interest and importance for biodiversity conservation. Pollinators provide vital ecosystem
services – up to 90% of all wild flowering plant species require animal pollination for
reproduction (Kremen et al. 2007). These pollination services are threatened by human activities
that include land-use changes, grazing, fragmentation, and the introduction of non-native and
invasive species (Kearns et al. 1998; Potts et al. 2010; Neuschulz et al. 2016). Habitat loss and
disturbances around the world have negatively affected floral resources and nesting sites of
pollinators, putting pollinators and pollination processes at risk (Kremen et al. 2007; Neuschulz
et al. 2016).
The introduction of annual invasive grasses such as red brome (Bromus rubens) and
Mediterranean grass (Schismus spp.) into the Mojave Desert has altered fire regimes by
augmenting native fuel loads to facilitate the spread and increased severity of fires since the
1980’s and 1990’s (Brooks and Matchett 2006). This changing fire regime in the Mojave Desert
has stimulated research on wildfire effects on different plant communities and their recovery
(Abella 2009; Abella et al. 2009; Brooks and Chambers 2011; Engel and Abella 2011; Abella
and Engel, 2013; Lybbert et al. 2017). However, there has not been as much investigation into
how insect pollinators have been affected by wildfire.
The Mojave Desert is a biodiversity hotspot for pollinators, with almost 600 species of
bees documented within just Clark County, Nevada (Griswold et al. 1999; Meiners et al 2019).
With so many of these bee species unstudied, it is still unknown how many may be rare, which
adds to the importance of understanding the trends and effects that wildfire may leave on insect
pollinators, especially in an area where pollinators are so widely diverse.
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Much of the research that examines wildfire effects on insect pollinators has occurred in
other geographical locations with different fire regimes than those in the Mojave Desert. These
studies generally find that wildfire has little effect on the abundance and diversity of flower
visitors in those areas, even shortly after burn disturbances, which is also hypothesized to be the
case in southwestern deserts (Lybbert et al. 2017) though this has yet to be tested. Since
ecosystems of the Mojave Desert are not considered adapted to frequent and severe wildfires,
effects of wildfire may be more considerable and longer lasting. To discover if wildfire does
affect potential pollinator groups in the Mojave Desert, the following research questions were
proposed for this study: (1) Do richness and abundances of insect pollinator communities (within
the orders Coleoptera, Hymenoptera, and Lepidoptera) vary between burned and unburned areas
14-15 years after wildfires in the Mojave Desert? (2) Are insect pollinator communities
associated with different vegetative communities and structures in burned and unburned areas?
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3.3 Methods
Study Area
This study occurred on federal land managed by the US Bureau of Land Management
(BLM) in and around Red Rock Canyon National Conservation Area, 15 km west of Las Vegas
in Clark County, southern Nevada, southwestern USA (Figure 1). The study area is within the
eastern Mojave Desert, a hot desert that receives most of its precipitation in the months of
October-April. Using sites previously studied by Engel and Abella (2011), three fires were
selected for this study: the Loop Fire, Diamond Fire, and Red Rock 2005 Fire (hereafter referred
to as Red Rock Fire) (Figure 1). All fires occurred in 2005 and were of stand-replacing severity.
Community types of selected study sites are dominated by the native shrubs Coleogyne
ramosissima, Larrea tridentata, or both (Table 1). Figure A1 in Appendix 2 shows the different
fire sites and burned and unburned conditions and plant community dominance. Elevations
across sites range between 1031 to 1273 m.
The Red Rock NV, US weather station located 2 km away from the study sites at an
elevation of 1146 m reported daily low and high temperatures between the study dates of March
2019 to June 2020 to range between -12.2°C to 40°C, with an average of 15.2°C (ncdc.noaa.gov)
(Figure A2; Appendix A). A west Las Vegas weather station, 9 km northeast of the study sites at
an elevation of 921 m, is used to report the precipitation of the study period (Figure A3;
Appendix A). From 2019 to May 2020, the weather station reported a total of 52.2 cm of
precipitation, most of which occurred in February 2019 as snowfall (18.6 cm). The most
precipitation occurred in January-May 2019 (37.5 cm) and November 2019-April 2020 (13.9
cm). The McCarran International Airport weather station was collecting precipitation data when
the study fires occurred and is 20 km southeast of the study area and at a slightly lower elevation
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of 665 m. This weather station shows average annual precipitation of 9.6 cm from 2005 to 2019
(Figure A2, Appendix A).
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Loop
Fire
Red Rock 2005
Fire

Diamond
Fire

Figure 1: Map of study sites in and around Red Rock National Conservation Area, Nevada
with three fires selected. At each of the three fires, three transect pairs were established in
burned and unburned areas for a total of 18 transects across all fires.

Table 1: Elevation, size of burn, and community types for fires selected for this study, in and
around Red Rock Canyon National Conservation area in the eastern Mojave Desert. All fires
occurred in 2005 and were of stand-replacing severity. Elevation of studied transects include
both burned and unburned transects.
Fire Name

Loop Fire
Diamond Fire
Red Rock Fire

Elevation (m)

1194-1273
1031-1074
1136-1234

Elevation of Studied
Transects (m)

Size
(hectares)

1046-1255
1131-1167
1116-1210

344
24
12
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Community type

Coleogyne-Larrea
Larrea-Ambrosia
Larrea-Coleogyne

Study Design
For each fire, three pairs of transects were established in burned and unburned areas for a
total of 18 transects across all fire sites, with 9 in burned and 9 in unburned areas (Figure 2).
Each transect was 42 m long and 2.4 m wide. Transects were laid out at least 10 m south from
plots used in Engel and Abella (2011) to avoid interference. Rebar was placed at the four corners
of each transect, and pins were placed every 14 m along the transect to visually assist researchers
during collections. Within each transect, a HOBO U23 Pro v2 Temperature/2 m External
Temperature Climate Sensors (Bourne, MA, USA), hereafter referred to as hobometer, was
placed at the southern edge of each transect at 21 m facing northwest. These loggers collected
both air and soil hourly temperatures beginning March 1, 2019. The external probe of the sensor
was buried 5 cm below the soil surface to capture seedling root-zone temperatures and a
secondary probe was placed 25 cm above the soil surface to record air temperature.
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Figure 2: Map of all 18 transects at three sites within Bureau of Land Management owned land.
Inset: Diagram of transect set up for collections with fifteen pan traps of alternating color series
running along the length of the transect.
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Data Collection
Plant cover
Areal percent cover of vascular plant species rooted in each transect was visually
estimated by species at each transect using cover classes: 1 <0.1%, 2 = 0.1-1%, 3 = 1-2%, 4 = 25%, 5 = 5-10%, 6 = 10-25%, 7 = 25-50%, 8 = 50-75%, 9 = 75-95%, and 10 >95% (modified
from Peet et al. 1998) in April 2020. The number of perennial plants by species was also
recorded in April 2020. Percent cover of only perennials using cover class was estimated in May
2019. Plant species were classified by potential life span (e.g., annual or perennial) and nativity
to the U.S. following the PLANTS Database (Natural Resources Conservation Service 2020).
Vegetation was also categorized into those with conspicuous flowers, which have a diameter of 1
cm or more, since size of flowers is correlated with detection time of bee pollinators (Spaethe et
al. 2001). These plants are hereafter referred to as plants with “showy” flowers. This includes all
perennials except Ambrosia species, Ephedra species, and Eriogonum inflatum.

Pollinator Collections
Pollinator collections of processed groups occurred at each fire site in both burned and
unburned transects once a month during the months of March, April, May, September, and
October 2019 and April and May 2020 for a total of seven collections per fire site. Collections
were also completed in September and October 2020, though only collections up to May 2020
are included in this thesis project due to time constraints. Collections occurred through pan traps
and aerial netting. Pan traps, disposable plastic bowls measuring 17.8 cm in diameter and 10.8
cm deep, were set every three meters along each transect in randomly alternating color series of
yellow, blue, and white for a total of 15 pan traps per transect (Figure 3; NSERC-Canpolin
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2009). To decrease surface tension, a solution of 1 teaspoon dish soap to 1-gallon water is filled
into each trap to the ¾ mark. Traps were set out before 0900 and collected after 1600 on noncloudy and non-rainy days with minimal wind. To supplement pan traps (Griswold et al. 2008),
net collecting, using 38 cm diameter nets made of sailcloth, was also conducted. A researcher
conducted aerial netting for 10 minutes along the transect, focusing around plants within the
transect, at approximately 0800 and again at 1500, followed by retrieval of pan traps. Samples
taken from aerial netting and pan traps were combined per transect and transferred to 70%
ethanol.
Collected specimens were brought back to the laboratory. Specimens of the order
Hymenoptera (excluding Formicidae), Coleoptera, and Lepidoptera were processed and
identified to the finest possible taxa and photographed as part of a reference collection.
Specimens within the order of Coleoptera and Lepidoptera were identified to genera. Taxonomic
identifications for Hymenoptera were aided by Michener (2007), and Ascher and Pickering
(2017). Hymenoptera specimens of superfamily Chalcioidea were not identified further.
Hymenoptera specimens of superfamilies Chrysidoidea, Ichneumonoidea, Pompiloidea,
Vespoidea, and Apoidea families Sphecidae and Crabonidae were identified to family. All other
specimens of superfamily Apoidea were identified to genera, with the exception of a single
Osmiini tribe bee, which I was unable to further identify. Although this study did not confirm
whether these collected invertebrates were physically pollinating flowers nor that they were
visiting flowers, all taxa are known pollinators or flower visitors (Michener et al. 1994; Arnett
2003; Patt et al. 2003; Ascher and Pickering 2017).
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Microsite observations
Within the Loop Fire, microsites were selected for plant species-specific observations.
Three to four perennial species occurring near each transect were selected, which among
transects, included the shrubs L. tridentata, Encelia virginensis, Acamptopappus shockleyi, and
Tetradymia axillaris, the forb-subshrub Xylorhiza tortifolia, and the perennial forbs Baileya
multiradiata and Sphaeralcea ambigua. The selected species differed between fires due to the
availability of nearby vegetation and flowering maturity. Three of the largest individuals of each
species occurring within 30 m of the transect were selected for observations, followed by
measurements of canopy volume and flower count. In 2020, interspaces, characterized by areas
lacking perennial plants, >1 m from the nearest perennial, were also added as a microsite to act
as a reference by selecting three of the largest interspaces within 30 m of a transect.
Observations of flower visitors within the Loop Fire occurred in the months of May and
June of 2019 and 2020. To make observations, a researcher spent a total of 10 minutes at each
individual shrub and documented all flower visitors. When total flower count was not feasible,
flower counts were performed using the terminal 25 cm of 3 randomly selected branches.
Canopy volume was measured in height and two diameters of the perennial. Canopy volume was
calculated by the formula of a solid sphere or cone (Ludwig et al. 1975). As an example, L.
tridentata canopy volume was calculated using the formula for volume of an inverted cone
(Ludwig et al. 1975). Observations on L. tridentata flower visitors were followed by 5 minutes
of sweep netting directly around the perennial, as many of the flower visitors were small and fast
flying.
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Data Analyses
Vegetation
All univariate analyses were conducted in PROC GLIMMIX in SAS 9.4 (SAS Institute
Inc.,Cary, NC, USA). The effect of burn status (burned or unburned) within survey period
(spring 2019 and spring 2020) on mean cover and richness of plant life history groups (perennial
and annual forbs, grasses, and shrubs) was tested, with fire (Diamond, Loop, and Red Rock) as a
blocking variable to pair burned and unburned sets of transects, and with the three transects
within burn status × fire site treated as nested samples. Where data violated assumptions of
normality and homogeneity of variance and where Box-Cox transformations did not improve
them, appropriate distributions were applied in models (e.g., lognormal, Poisson, or
negative Binomial). Post-hoc tests with Tukey adjustments for multiple comparisons were
conducted for significant effects.
Accompanying the multivariate community analyses described later in this section, each
univariate analysis was of independent interest and thus each was independently evaluated at
p<0.1 and p<0.05. Due to the modest sample size of burns, p<0.10 was considered moderately
significant and p<0.05 significant as a compromise between Type I and Type II errors.

Pollinators
All univariate analyses were conducted in PROC GLIMMIX in SAS. Either a Poisson or
negative binomial distribution was applied following verification of model assumptions. Posthoc tests with Tukey adjustments for multiple comparisons were conducted for significant effects
(α<0.05). The effect of burn status on mean invertebrate taxa and richness (captured using pan
traps) was tested using the same model described for plant analyses, with fire as a blocking
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variable to pair burned and unburned sets of transects, and with the three transects within burn
status × fire site treated as nested samples. Analyses were conducted for response variables,
including total detected taxa at the highest resolution possible for identification without
taxonomic overlap, total detected species richness, total detected taxa and total richness within
the three orders of interest (Coleoptera, Diptera, and Hymenoptera).
At a microsite level, mean flower visitation within year (2019 or 2020) was analyzed
separately in unbalanced, partially hierarchical models, with transects blocked by burn status and
an uneven number of microsites nested within transects. Microsites within transects were
unbalanced because perennial species availability near transects varied. Analyses were
conducted at multiple taxonomic levels or groups, including total observed visitors within four
orders (Coleoptera, Diptera, Hymenoptera, and Lepidoptera), observed visitors among the four
orders (CLASS), and total orders observed (order richness). Higher resolution analyses were
excluded because of the difficulty of identifying all species to family or genus using observation
methods.
The effect of microsite type within each level of burn status (burned or unburned) within
observation year (2019 or 2020) on total flower pollinators observed and pollinator richness were
assessed using a mixed-model analyses of variance, with transect as a blocking variable and
microsites nested within transects. Analyses were conducted for multiple taxonomic levels or
groups, including total visitors detected within four orders (Coleoptera, Diptera, Hymenoptera,
and Lepidoptera), detected visitors among the four orders, and total orders detected (order
richness). Similar to above, higher resolution analyses were excluded because of the difficulty of
identifying all observed insects to genus or species using observation methods.
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Bivariate Pearson correlation analyses were performed to examine associations of
pollinator density and richness among plant community variables within collections of spring
2019 and spring 2020 as well as average flower count and plant volume within observations of
spring 2019 and spring 2020. Wilcoxon signed rank tests were performed to compare L.
tridentata volumes and flower counts within burned and unburned transects and interspace sizes
within burned and unburned transects.
To examine variation in taxonomic composition within and between biotic groups,
multivariate community analyses were performed. Matrices of taxonomic composition for
pollinators, perennial plants, and annual plants were created by averaging data among transects
separately for burned and unburned areas on a fire site basis. Pollinator and perennial plant
matrices included spring 2019 and 2020 data and the annual plant matrix included spring 2020
data. Data for each matrix were relativized for each row (fire-burn status-year combinations) as
abundance of taxoni/∑ abundance of all taxa in the row, using number of detected individuals for
pollinators and percent cover for plants. Pollinator and perennial plant matrices were ordinated
using non-metric multidimensional scaling (NMS) in PC-ORD 7.07 using “thorough” default
settings, Sørensen distance, and secondary matrices of taxa abundances (mean number of
detected individuals for pollinators and mean cover for plants) input to display correlations with
community compositional gradients (McCune and Mefford 1999). Annual plant composition
displayed a pattern where each burn was highly compositionally unique and was not amenable to
NMS ordination. However, annual plant composition was amenable to Bray-Curtis ordination,
using the variance-regression endpoint method, so I used and report this ordination also
computed in PC-ORD 7.07 (Sørensen distance, Euclidean projection geometry; McCune and
Mefford 1999). In all multivariate analyses of annual plants, the non-native annual grass Bromus
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rubens was removed because it comprised such a proportionally high (0.58-0.96) amount of the
total annual plant cover. Instead, B. rubens cover was related to pollinator measures using
bivariate regression. Within the pollinator and plant datasets, average pairwise Sørensen
similarities were also calculated using the relativized abundance measures to compare burned
and unburned areas within years and to compare 2019 and 2020 composition within burned and
unburned areas for pollinators and perennial plants. To evaluate similarity between biotic groups
within years, Mantel tests accompanied by permuted P-values were applied to these Sørensen
distance matrices for pairs of biotic groups (McCune and Mefford 1999).
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3.4 Results
Wildfire effects on plant communities
No significant differences occurred within burn status for several plant community
variables in 2019 (Table B1, Appendix B). Significant differences of some plant variables only
occurred within years (Table B2, Appendix B). In 2020, no significant differences were found
within burn status on plant cover and richness within perennial and annual plant data sets (p
>0.05) (Table 2). There was only moderate significance for perennial forb cover, with more
cover in burned than unburned areas (F1,2=13.33, p=0.0678). There was also only moderately
more shrub species richness in burned than unburned (F1,2=13.54, p=0.0667). Considering plants
classified as both shrubs and subshrubs, there was moderately more cover in unburned areas
(F1,2=13.08, p=0.069). The cover of shrubs and subshrubs with showy flowers including L.
tridentata, X. tortifolia, and A. shockleyi were moderately higher in unburned areas (F1,2=11.6,
p=0.076).
Larrea tridentata microsites had larger canopy volumes in unburned areas (median=3.90)
than burned (median=0.83) (Z=-3.72, p<0.001), with the largest unburned individual canopy
volumes ranging from 1.2-21.3 m3 and largest burned canopy volumes ranging from 0.2-1.6 m 3.
Flower counts of L. tridentata in unburned transects (median=28.5) were greater than flower
counts of L. tridentata in burned transects (median=8.5) (Z=-2.70, p=0.007).
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Table 2: Effects of burn status on plant community variables in and near Red Rock Canyon
National Conservation Area in the eastern Mojave Desert in 2020. All numerator and
denominator degrees of freedom are 1, 2.
Variable
Perennials
Forb/Subshrub Cover
Forb/Subshrub Richness
Perennial Cover
Perennial Richness
Perennial Forb Cover
Perennial Forb Richness
Shrub Cover
Shrub Richness
Shrub/Subshrub Cover
Shrub/Subshrub Richness
Shrubs/Subshrubs with Showy Flowers Cover
Shrubs/Subshrubs with Showy Flowers Richness
Perennial Grass Cover
Perennial Grass Richness
Larrea tridentata Cover
Cactus Cover
Yucca Cover
Annuals
Native Annual Cover
Native Annual Richness
Exotic Annual Cover
Exotic Annual Richness
Exotic Forb Cover
Exotic Forb Richness
Exotic Grass Cover
Exotic Grass Richness
Bromus sp. Cover
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F Value

p-value

3.14
3.77
8.24
0.55
13.33
4.59
7.01
14.50
13.08
8.46
11.60
5.89
0.25
2.20
1.70
1.19
0.28

0.218
0.192
0.103
0.534
0.068
0.165
0.118
0.067
0.067
0.101
0.076
0.136
0.665
0.276
0.322
0.389
0.650

6.37
0.03
0.26
0.72
0.33
1.82
0.34
0.03
0.18

0.128
0.887
0.658
0.487
0.669
0.310
0.617
0.885
0.711

Effect of burn

Positive

Negative
Negative
Negative

Wildfire effects on pollinators
In seven total collection events comprised of pan traps and sweep netting across three
seasons of spring 2019, fall 2019, and spring 2020, a total of 4,636 invertebrate potential
pollinators in the orders of Coleoptera, Hymenoptera, and Lepidoptera were identified to 62
different taxa of varying resolutions (Table C1, Appendix C). Although this study did not
confirm whether these collected invertebrates were physically pollinating flowers nor that they
were visiting flowers, all taxa are known pollinators or flower visitors. These collected potential
pollinators will hereafter be referred to as pollinators.
Burn status differences appear contingent on both sampling season and year. For the three
collection events in spring 2019, the mean density of total detected pollinator individuals did not
differ significantly between burned and unburned areas, though significant differences occurred
within the order of Hymenoptera (F1,2=24.40, p=0.039), with more individuals detected in
burned areas (Figure 4a). Spring 2019 taxa richness within the order of Coleoptera was
significantly higher within burns (F1,2=210.03, p=0.005; Figure 4d).
In the two collection events in fall 2019, significantly more total pollinator individuals
were detected in burned than unburned areas (F1,2=24.77, p=0.038). There was an average of 138
individuals detected per transect in burns, compared with 49 in unburned transects (Figure 4b).
Richness in the fall 2019 season did not differ with burn status (F 1,2=3.76, p=0.192; Figure 4e).
Mean density of total invertebrates in the spring 2020 season, including two collection
events, was not significantly different between burn status (p<0.05), but the density of
Lepidopterans was higher in unburned transects (F1,2=25.02, p=0.038; Figure 4c). Richness was
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similar between burned and unburned transects, showing no significant differences (F 1,2=0,
p=0.958; Figure 4f).
In spring 2019, L. tridentata cover displayed a correlation to total pollinator richness
(r=0.292, p=0.032; Table D1a; Appendix D). Total count of Coleoptera in spring 2020 was
correlated with cover and richness of native perennial forbs (r=0.670, p<0.001 and r=0.470,
p=0.004; Table D1b; Appendix D). Annual plant community variables did not show significant
correlations to the richness and count of pollinators within each other of interest (Table D1c;
Appendix D).
Observations of perennial microsites in spring 2019 showed a strong correlation
(r=0.796, p<0.001) of L. tridentata flower count with Hymenoptera abundance (Table D2a;
Appendix D). This correlation was not significant in 2020. Moderate correlations of L. tridentata
flower to Diptera abundance and richness (both r=0.577, p=0.012; Table D2a; Appendix D)
occurred. No significant correlations occurred between all microsite volumes and pollinator
observations in either observation years.
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Figure 4: Mean number of detected individual pollinators per transect (mean + SEM for total
means) within a) Spring 2019 (three pan trap + sweep netting collections), b) Fall 2019 (two
collections) and c) Spring 2020 (two collections) and taxa richness, average number of unique
taxa per transect in d) Spring 2019, e) Fall 2019, and f) Spring 2020. Collections occurred at
transects of 42 m × 2.4 m. Means with significant differences are denoted by different letters at
a) F1,2=24.40, p=0.039, c) F1,2=25.02, p=0.038 and e) F1,2=210.03, p=0.005.
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The two-axis NMS ordination for pollinators (Figure 5a) had a final stress of 6.3 and
represented 95% of the variance (53% in Axis 1 and 42% in Axis 2). Each fire site, despite burn
status, correlated with itself, except for the Loop Fire, which differed between burned and
unburned in 2019 pollinators and both 2019 and 2020 perennial plants (Figure 5a and 5b).
Coleopterans of the family Melyridae, Scarabaeidae (tribe Melolonthinae) and the genera
Trichodes (family Cleridae) and Eupompha (family Meloidae), all of which are nectar and
pollen-feeding beetles, were associated with both burned and unburned transects within the
Diamond Fire in 2019 and burned transects within the Loop Fire (Figure 5a). The apid bee
Diadasia also displayed a correlation with these fire sites (see Appendix F). Considering plants
with showy flowers, the Loop and Diamond Fires both had significantly more cover than the Red
Rock Fire (F2,12=8.99, p=0.005). The bees Perdita and Apis mellifera were associated with the
Red Rock transects in 2020 and unburned Loop transects in 2019 (Figure 5a).

Wildfire effects on plant-pollinator community interactions
Perennial Plants
The two-axis NMS ordination had a final stress of 6.6 and represented 88% of the
variance (68% in Axis 1 and 20% in Axis 2 in figure 5b). The ordination of perennial plants
further illustrated the similarity between fire sites, despite burn status, with the Loop Fire, which
is a Coleogyne-dominated plant community, hosting different plant communities than those
within the Red Rock and Diamond Fires (Figure 5b). Coleogyne ramosissima, Tetradymia
axillaris, Salvia dorrii, and Fallugia paradoxa were more strongly correlated with unburned
areas of the Loop Fire site, with the forbs Xylorhiza tortifolia and Eriogonum inflatum and the
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predatory and flower-visiting beetle Hyperaspidius associated with Loop Fire sites that burned
(Figure 5b).
Annual Plants
The first two axes of the Bray-Curtis ordination for annual plants (Figure 5c) extracted
83% of the original distance matrix and represented 92% of the variance (75% in Axis 1 and
17% in Axis 2). Within the Diamond Fire site, the distribution of the annuals Lepidium
lasiocarpum, and Ipomopsis polycladon correlated with those of bee genera Lasioglossum and
Osmia. The Loop Fire site was associated with the invasive annual Erodium cicutarium, weevil
family Curculionidae, ichneumon wasps (family Ichneumonidae), and bee genera Eucera (family
Apidae) (Figure 5c). Schismus, an annual non-native grass, was associated with the Red Rock
and Diamond sites.
In assessing Sørensen similarity percentages, pollinators within burned and unburned
areas were more similar to each other than they were on the same sites between years (Figure
5d). There was less of a difference in both pollinators and perennials between burn status than
between 2019 and 2020. In testing for correspondence, there were no significant correlations
between pollinators to perennials nor to annuals. Perennial community composition in spring
2020 was correlated with that of the annual community (r=0.78, p=0.005) (Figure 5d).
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Figure 5: Variation in taxonomic composition of biotic groups in 15-year-old wildfires in the Mojave Desert, USA. Each point represents the
burned or unburned areas of three wildfires: Diamond Fire (D), Loop Fire (L), and Red Rock 2005 Fire (R). Vectors in a-c represent taxa
correlated with community compositional gradients (r2 cutoff for vectors is 0.50 for a and b and 0.70 for c). Average pairwise similarities
within biotic groups are shown in d along with Mantel tests of co-variation in species composition between pairs of biotic groups.

Perennial microsites
Microsite observations within the Loop Fire in 2019 and 2020 resulted in a total of 504
observed flower visitors across 62 taxa within the orders of Coleoptera, Diptera, Hymenoptera,
and Lepidoptera. Burn status did not affect the total observed individuals per order among
Larrea shrubs. There were no differences between the total number of observed visitors
(F1,4=0.01, p=0.932) nor species richness (F1,4=0.06, p=0.813) between burned nor unburned
2019 microsite observations. Burn status also did not affect the total observations of any orders
(Table E1, Appendix E).
In microsite observations of 2020, burned areas had more total flower visitors observed
(F1,4=10.47, p =0.032) and burned area visitor richness was moderately higher than that of
unburned areas (F1,4=7.6, p=0.051; Table E1, Appendix E). The only significant difference
within burn status on order was in Coleoptera (F1,4=11,34, p =0.0281). Total observed flower
visitors differed between microsite species in 2019 unburned observations (F 4,31=3.41, p=0.020;
Figure E1b, Appendix E) and 2020 burned observations (F5,42=2.2, p =0.073; Figure E1c,
Appendix E).
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3.5 Discussion
The change in wildfire occurrences fueled by non-native annual grasses and its impacts
have been of considerable interest to ecologists and land managers of southwestern deserts.
Disturbed desert environments including plants and soils may require hundreds of years to fully
recover to pre-disturbance conditions (Lovich and Bainbridge 1999). However, results for the
pollinator community do not show the same patterns of slow recovery as plants. After 14 and 15
years since fire, it qualitatively appears that pollinators have converged toward unburned
communities more than plants have at the taxonomic groups measured. Although there were
inconsistent invertebrate community differences in burned areas compared to unburned areas,
many unique interactions between biotic groups, fire sites, and temporal variations were
detected.

Plant-pollinator interactions
Typically, pollinator richness in desert ecosystems is strongly and positively influenced
by flowering plant species richness and floral resource availability (Lightfoot and Whitford
2009; Lowe and Foltz-Sweat 2016; Ruttan et al. 2016). There were only a few moderately
significant differences in the pollinator community between burn status that could be accounted
for by flowering plant species richness. Perennial forb cover and shrub species richness in 2020
were slightly higher in burned areas compared to unburned areas, though these effects may be
negated by the fact that shrub and subshrub cover was higher in unburned areas in both years.
Showy, conspicuous flowers were also present in these unburned areas. Neither overall pollinator
count nor richness differed between burned and unburned areas within the spring 2020 season,
aside from a higher detection of Lepidoptera in unburned transects, likely related to greater
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flower availability, though no significant correlation was found between showy flowers and
Lepidopterans in either year (r=0.156, p=0.261 in 2019 and r=-0.142, p=0.409 in 2020).
However, among all collection periods, only 189 individual Lepidopterans were collected (4% of
total collections) and 31 observed on perennial microsites (6% of total observations) – a small
percentage compared to the totals. During microsite observations, Lepidopterans were only
observed in 2019 on L. tridentata, A. shockleyi, and X. tortifolia, which had high floral
availability. In 2020, more Lepidopterans were collected in pan traps than in 2019, which could
be accounted for by other environmental and temporal factors not measured in this study, such as
nectar quality.
Coleogyne communities, like those within the Loop Fire, were previously found to have
higher plant diversity in burned areas due to other species establishing in the absence of
dominant C. ramosissima (Brooks and Matchett 2003; Abella et al. 2009; Engel and Abella
2011). Perennial plant species richness was only slightly higher in the burned Loop transects (13
species per transect) than unburned transects (11 species per transect). This does not strongly
support patterns of greater diversity in burned areas compared unburned areas. However, the
decrease of C. ramosissima in burned areas was documented in this study. The cover of C.
ramosissima within burned Loop Fire transects in 2019 averaged 31% and <0.005% in unburned.
This distinction in C. ramosissima cover between burn statuses may influence differences
between 2019 pollinator communities in burned and unburned communities of the Loop Fire. In
the 2019 Loop Fire transects, Hyperaspidius beetles were undetected in unburned transects and
24 were collected in burned transects. Similarly, fewer Lasioglossum bees were collected in
unburned areas as compared to burned (238 in unburned and 662 in burned) transects. Earlycolonizing plants such as B. multiradiata and S. ambigua in burned Coleogyne communities
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(Abella et al. 2009) may provide sufficient resources to sustain pollinator populations at a larger
resolution.
In 2019, the Diamond Fire site (both burned and unburned) showed strong interactions
with the Coleoptera families Melyridae, Meloidae, Cleridae, and Scarabaeidae (tribe
Melolonthinae), which all feed on pollen and nectar and commonly occur around flowers (Arnett
2000; Mawdsley 2003). Shrubs, forbs, and subshrubs that had showy or conspicuous flowers
only had an average cover of 6% in the Diamond Fire sites, while the average showy plant cover
in the Loop Fire site was over three times that of the Diamond Fire. Plant species richness in the
Diamond Fire was also less than in the Loop Fire. Showy flowers were not driving factors
between flower-visiting beetles in the Diamond Fire location. The presence of a plant not found
in the Loop nor Red Rock Fire transects was likely attracting these Coleopterans, such as
Delphinium parishii, Cylindropuntia echinocarpa and Cylindropuntia ramosissima, or Krameria
erecta, which also offer large or abundant flowers. The Diamond Fire had the highest L.
tridentata cover of the three fires, which could also be a driving factor of the detection of flowervisiting beetles, though there was not a strong correlation between them (r=0.089, p=0.405).

Larrea tridentata facilitation of pollinators
Larrea tridentata is an attractive generalist plant, attracting many insect pollinators,
including both polylectic and oligolectic bees to their own resources, while facilitating pollinator
visitors to other neighboring plant species at a multi-trophic level (Hurd and Linsley 1975;
Minckley et al. 2000; Ruttan et al. 2016;). Oligoleges that were observed on only L. tridentata
included the resin leaf-cutter bee Trachusa larreae and potentially some species of the bee
genera Colletes and Perdita. Polylectic bees observed on L. tridentata and other microsite
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species include Lasioglossum and Centris species. Larrea tridentata shrubs act as a magnet
species through offering abundant resources to pollinators, such as nectar availability throughout
the day, which allows many pollinator species that nectar and collect pollen at different times of
the day to utilize the floral resources (Linsley 1975; Hurd and Linsley 1985; Potts et al. 2003;
Ruttan et al. 2016; Braun and Lortie 2020)
In this study, the total number of flower visitors observed on L. tridentata did not differ
with burn status. In fact, the number of visitors detected on L. tridentata microsites was
comparable to visitors of all other microsite species in both years’ Loop transect observations.
However, in spring 2019, pan trap collections from both burned and unburned transects across all
fires revealed a weak correlation between pollinator richness and L. tridentata cover (r=0.292,
p=0.032). Additionally, in spring 2019 observations of L. tridentata visitors, there was a strong
positive correlation between the shrub’s flower count and total Hymenoptera count (r=0.796,
p<0.001). In both 2019 and 2020, more flowers were counted on unburned L. tridentata
microsites than on burned (Z=-2.70, p=0.007), which may be related to canopy volume. Larrea
tridentata microsites had significantly more canopy volume on unburned areas than burned (Z=3.72, p<0.001).
Floral resources of L. tridentata after wildfire may vary. In a study by Lybbert et al.
(2017), L. tridentata in burned areas 7-9 years after wildfire had significantly higher flower and
fruit production in transects that were 200 m away from unburned transects. Though not directly
comparable to the study by Lybbert et al., the average flower count of L. tridentata in this study
was lower in burned transects compared to unburned. However, on a per ground area basis, fruit
production within their study was lower in burned areas due to the low plant densities as a result
of the 2005 fires (Lybbert et al. 2017). Though L. tridentata plants in burned areas of this study
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were smaller in volume and offered fewer floral resources, fruit set was not assessed to
determine the success of pollination. Examination of L. tridentata reproductive success in the
burned and unburned areas 15 years post-fire can provide a metric of pollinator success
measured by fruit set.

Burn age
Abella (2010) found that vegetation response to fire, in contrast to other land-clearing
disturbances such as roads and powerline corridors, recovered more quickly. In a study by Engel
and Abella (2011), Larrea communities, compared to Coleogyne, recovered to pre-fire levels
relatively rapidly within less than 20 years. In this study, no differences were found 15 years
post-fire in the Diamond and Red Rock Fires’ burned and unburned areas’ plant communities
that are Larrea dominated, neither were there differences in the invertebrate communities. In this
study, few differences in pollinator communities were detected between burned and unburned
areas or have recovered to pre-fire conditions after just 15 years, which would support the
prediction made by Lybbert et al. (2017), who expected abundances of pollinators to either be
unaffected by or to swiftly recover from burns in southwestern deserts. If the pollinator
communities are responding only to floral resources, conducting this thesis study, even 5 to 10
years prior, may have yielded the same indifferences given that the burned vegetative community
had already recovered to a level similar to that of unburned. It is also possible that invertebrate
pollinator communities can recover even more quickly than the plant community since they have
the ability to locomotively seek out nearby resources.
Whether insect pollinator presence is from recolonization from nearby unburned areas or
from recovery from wildfire is unknown. Many smaller-bodied bees have foraging distances of
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up to a kilometer (Greenleaf et al. 2007), and new generations of bees typically emerge yearly
(Cane et al. 2011). Communities from unburned areas could have traveled into burned areas in
the past 15 years since fire. This study and future studies would benefit from having insect
pollinator survey data immediately following wildfire occurrence to better identify the
immediate effects of burns and whether it is recovery and recolonization that is occurring over
time or not.

Burned and unburned-exclusive pollinators
Although total numbers of collected Hymenoptera did not differ between burned and
unburned transects besides in spring 2019, certain taxa were collected within only burned
transects and not found in unburned transects and vice versa. Taxa exclusive to burned areas
included the apid bee genera Anthophorula, Centris, and Tetraloniella, as well as the bees
Macrotera, Colletes, Hoplitis, and Megachile. These genera are all generalists, aside from
Macrotera, which specialize on flowers of Sphaeralcea and Cactaceae. Bees exclusive to
unburned areas were Andrena, Atoposmia, Coelioxys, and Trachusa. The bees detected only in
unburned transects are mostly oligolectic, besides Coelioxys. Species of these oligoletic bees can
specialize on Penstemon and L. tridentata flowers. Not all plant species present in burned and
unburned sites were likely captured in transect surveys. Plant species such as Penstemon could
have attracted oligolectic bees into the pan traps of the unburned transects.
Interestingly, Pendleton et al. (2008) found bee guilds of L. tridentata that were spatially
isolated from shrubs in grasslands had more generalist bees than specialists and bee guilds of L.
tridentata in dense shrublands had more specialists. In this study, interspaces in burned Loop
Fire transects were almost 6× larger than those in unburned transects (Z=-2.66, p=0.008),
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suggesting that shrubs in burns are more spatially isolated from one another in areas of burn than
not burned. Spatial isolation could be a factor in understanding the generalists seen in burned
areas.

Spatiotemporal variability and limitations
Results of this study were highly variable depending on the fire site and year more so
than burn status. Many spatiotemporal factors could have resulted in the heterogeneity of
pollinator insect distributions across burned and unburned transects. Fire characteristics are
difficult to accurately measure since fire can vary spatially and can sometimes occur in patches,
especially in larger fires. Each fire varied in size, elevations, and in locations composed of
differing dominant plant species. Variables such as these are challenging to control for in
naturally occurring fires without experimental manipulation.
Environmental factors that can affect insect-plant interactions include precipitation,
temperatures, and phenology of plants. Precipitation was expected to be a driving factor of
pollinator community differences. With the large amount of precipitation that occurred in early
2019, it was anticipated that 2019 spring and fall would yield different pollinator communities
than in 2020, which was very dry. Fall collections were also expected to differ from those of
spring since there is a floristic difference in flowering between the two seasons as some plants
bloom in the fall. Plants that can bloom into the fall and that were present in the studied transects
include Gutierrezia sarothrae, Krameria erecta, and Eriogonum inflatum (Calflora 2020; eFlora
2020). Gutierrezia sarothrae was especially prominent in burned Loop transects, with an average
cover of 4.2% per transect in 2020 and K. erecta in unburned Diamond Fire transects (3.5%
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average cover). Some plants, such as L. tridentata can flower in the fall with adequate summer
rainfall (Ackerman et al. 1980).
While this study did span two years that differed in precipitation and vegetation
characteristics, multi-year and long-term studies of invertebrates can enable further discernment
of fire effects. Patterns are difficult to identify within insect pollinators without long-term
repeated surveys in the same locations that incorporate methodical monitoring techniques which
can be repeated (Meiners et al. 2019). For example, several surveys over time within Pinnacles
National Park, another natural landscape considered to be a bee biodiversity hotspot, continue to
reveal numerous new bee species while failing to capture bee species found in previous years’
surveys (Meiners et al. 2019). Similarly, this study’s collections in 2020 documented four genera
of apoid bees not collected in 2019, and 2020 failed to capture apoid bees of two genera that
were found in 2019. Well-defined conclusions can be problematic to declare without such repeat
surveys over many years. As such, separating the effects of wildfire on invertebrates in this study
is complex, as they likely result from interactions of the natural insect community and
environmental variability, especially after 15 years since the disturbance occurred. This study
provides a basis for wildfire and pollinator studies that follow in the Mojave Desert.
Since the exact severity of the fires studied are unknown, it is possible that the fire
severity was low enough to be stand-replacing yet allow insects to quickly recover from or
remain unaffected by fire. Most (75%) bee species that nest within the soil do so at a depth of 10
cm or deeper, protecting them from damage in even intense wildfires (Cane et al. 2011). Only
10% of soil-nesting bees nest shallowly (<5 cm) into the soil, and these species are more
susceptible to damage during fires (Cane et al. 2011). Bees in the Mojave Desert may even be
more adapted to elevated heat from greater tolerance from higher solar radiation as suggested by
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Cane et al. (2011), which, if true, may allow them to be less affected by intense wildfires. Above
ground cavity-nesting bees are most subject to mortality (Cane et al. 2011). Though they may not
benefit immediately after a wildfire, they may find more opportunities for resources since fire
can create dead twigs and tunnels for nesting and increase floral diversity (Cane et al. 2011).
Burned Yucca trunks occurred across all burned areas. The heterogeneity in the pollinator
communities of this thesis study could be explained by variation within a fire’s severity and
characteristics and the recolonization of pollinators.
Another limitation of this study is that these collection and observation studies were
focused on diurnal pollinators and excluded those that are nocturnal. Other pollinators, such as
yucca moths, were not accounted for, although Yucca was present in the fire sites. Additionally,
collections excluded the identifications of the Diptera order, which include many known
pollinators such as bee flies and syrphid flies.
This study examined pollinator density and richness at a high taxonomic scale of order,
family, or genus. Although this approach can make inferences about the diversity and presence
of insect pollinators in response to fire, it is not designed to assess if vital community functions
are affected (Elle et al. 2012). Pollinator turnover through time is not assessed, but rather at 14 to
15 years after fire. There are pollinator taxa that are exclusive to burned or unburned areas,
which suggest that there may be turnover in pollinator communities. If pollinators were to be
identified to species in the future, the results of this study may differ if particular species are only
found within certain burned or unburned transects. Although plants and pollinator communities
were assessed at different taxonomic levels (species of plants versus genera or families of
pollinators), functional groups of plants were used for comparison, such as perennials or shrubs
and subshrubs with “showy” flowers attractive to pollinators.
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An assumption is also made that all pollinators in our total count are equally effective at
pollination, which is unlikely to fully hold. Indicators of pollinator effectiveness would require
measurements of pollen deposition and could answer questions regarding presence of vital
pollinators that are critical to plant pollination and reproductive success.

Conservation and management implications
After 14-15 years since fire, this study showed no clear indication of negative effects of
wildfire on total pollinators, measured by total pollinator count and richness of the three orders
examined. This could be viewed positively in a land management perspective, if only less than
two decades allows for pollinator communities to recuperate to an unburned pollinator
community level. This amount of time is relatively short when considered in terms of secondary
succession in the vegetation of desert landscapes, which require longer periods of time.
Pollinator communities may recover to viable reference levels sooner than do plant communities
after wildfire disturbance. If project management goals are aimed toward quicker recovery of
pollinator services, it would be recommended that there be a focus on plant community
facilitation to that of pre-burned conditions while incorporating high plant diversity to
accommodate pollinator groups.
The subset of pollinator groups examined, in terms of count and richness, appear resilient
to the fires studied. However, interpretations cannot be made on specific individual pollinator
species from this study. Management goals focused on specific rare or endemic pollinators that
may show extreme specialization should not solely depend on natural recovery of the plant or
pollinator community after disturbances occur. Extreme specialists, such as Perdita meconis that
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forage from only a few endangered species in the Arctomecon (poppy) genera (Portman et al.
2018), would require targeted conservation or restoration of these specific Arctomecon species if
disturbances occurred in their habitat since the populations of P. meconis and A. californica are
tightly interdependent (Portman et al. 2018).
Especially since it is unknown how many and which insects are rare, and since so little is
known about many potential pollinators in general, the conservation of naturally occurring plants
and restoration of highly disturbed plant communities should be maintained over large
landscapes. Research of wild pollinator species and their requirements of plant communities is
challenging given that rare pollinators are infrequently observed (Potts et al. 2010). Conservation
of habitat at a larger landscape scale is recommended to protect more pollinators, known and
unknown. These data show that after 14-15 years since wildfires occurred, insect pollinator
communities have recovered to that of unburned communities, even with differences still present
between burned and unburned vegetation. It qualitatively appears that pollinators have converged
toward unburned communities more than plants have.
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3.6 Autecology
Diadasia spp. (Hymenoptera: Apidae)
Diadasia (Figure F2; Appendix F) bees are small to moderate-sized solitary bees with
over 42 species and inhabit only in the western United States (Linsley and MacSwain 1958;
Michener et al. 1994; Ascher and Pickering 2017). This genus was abundant in the collections of
this study, with over 200 individual Diadasia bees collected in the total of 7 collection events.
One of the species identified from this collection is Diadasia ochraceae, which specialize on the
pollen of S. ambigua.
Most Diadasia species are commonly oligolectic on Sphaeralcea species and three
species display oligolegy to Optunia cacti (Linsley and MacSwain 1958). In this study, Diadasia
bees were most abundantly collected within the Diamond Fire, with a total of 103 individuals
collected, as opposed to Loop and Red Rock that had 66 and 45 Diadasia bees, respectively.
However, cactus and S. ambigua cover both were higher in Loop Fire than Diamond, suggesting
that there may be other factors present in the Diamond Fire, aside from floral resources, that are
contributing to the higher presence of Diadasia in them. These factors may include more
preferred soil-nesting conditions, or it could also suggest that though cover of S. ambigua and
cacti is lower, floral resource quality may be higher. A further study to assess nectar quality of
available flowers across fires and across burn status would help to rule this out as a factor.
Eupompha (Meloidae) larvae are commonly found to be phoretic on Diadasia bees (Pinto
et al. 2010), which both co-occurred in the Diamond Fire sites. In spring 2019, a strong
correlation (r=0.872, p<0.001) was discovered between Diadasia and Eupompha. This can be
viewed as an example of a preservation or recovery of naturally occurring pollinator
relationships after wildfire.
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Lasioglossum spp. (Hymenoptera: Halictidae)
Lasioglossum (Figure F3; Appendix F) bees are abundantly found and are the most
common genus of bees throughout North America (Michener et al. 1994). Correspondingly,
Lasioglossum bees were the most abundantly collected insect throughout this study, with over
half (57%) of total collected insects identified to the Lasioglossum genus (>2,600 individuals).
Within microsite observations, Lasioglossum only accounted for 5.7% of total flower visitors, a
contrasting amount when compared to collections. Though common, these small bees are fastflying, which make them difficult to detect. When the same observed L. tridentata microsites
were subject to aerial netting in addition to observations, total collected invertebrate pollinators
consisted of 49.6% Lasioglossum bees.
The following subgenera were found in the collections: Lasioglossum, Evylaeus, and
Dialictus (most common). This genus includes both solitary and eusocial species, and most are
polylectic (Michener et al. 1994).
Lasioglossum were most abundant at the Loop Fire site. In total, 1,132 Lasioglossum
individuals were collected within the Loop Fire, the fire site with the highest showy flower plant
cover. However, Lasioglossum count and cover of plants with showy flowers were only
minimally correlated in both spring 2019 (r=-0.250, p=0.068) and spring 2020 (r=0.005,
p=0.997). Almost 1,400, or over half, of the Lasioglossum individuals collected were within fall
2019. This could be due to an influence of plants may bloom later in the year.
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Ashmeadiella (Hymenoptera: Megachilidae)
Ashmeadiella (Figure F1; Appendix F) are small and robust bees within the Osmiini tribe
which include mason bees (Linsley et al. 1955). These are found only within North America and
abundantly in the southwestern U.S. around L. tridentata (Cane et al. 2006; Hurd and Linsley
1975; Linsley et al 1955). Ashmeadiella nest both above and below ground in plant twigs and
stalks (Cane et al. 2006; Linsley et al. 1955), those of which that nest above ground are more
susceptible to being affected by wildfire (Cane et al. 2011). Ashmeadiella species fly in spring
and early summer, though some species occur in fall as well (Linsley et al. 1955). In this study,
Ashmeadiella bees were collected across all collection seasons and years. Most species within
this genus are polylectic, though some species do show oligolecty to Compositeae (asters),
Opuntia, Psorothamnus, and Astragalus (Linsley et al. 1955; Ascher and Pickering 2017).
Psorothamnus fremontii was present at a low cover of 0.5% in only one unburned transect in the
Diamond Fire, though Ashmeadiella bees were collected from both burned and unburned
transects. Astragalus was present in all fires and burn status. Opuntia was not documented within
transects, though the cacti did occur near transects across all fires.

60

Dasytinae (Coleoptera: Melyridae)
The Dasytinae subfamily (Figure F6 and F7; Appendix F) of beetles are soft-winged
flower beetles. The family Melyridae include 48 poorly defined genera, mostly inhabiting and
diverse in deserts of North America (Arnett 2000; Mawdsley 2003). They are commonly found
on flowers in western North America and have been collected from the following floral
associates that were also present in the fire sites of this study: Encelia spp., Gutierrezia
sarothrae, Lepidium sp., Sphaeralcea spp., Eriogonum spp., and Fallugia paradoxa (Mawdsley
2003). In perennial microsite observations, beetles from the Dasytinae subfamily were only
observed on flowers of S. ambigua and Baileya multiradiata.
Of the collected Melyridae, 600 (98.8%) were identified as subfamily Dasytinae and 7
individuals fell under subfamily Malachiinae. More than half of the Dasytinae beetles were
collected in the Diamond Fire with 60% in unburned transects. The unburned Diamond transects
had less average cover of S. ambigua (0.02%) and Eriogonum sp. (0.5%) than burned transects
did (0.5 and 1.1%). While cover of these plants may not be the main variable attracting the high
number of Dasytinae in unburned Diamond Fire transects, it may be floral availability or quality,
canopy volume, or other nearby resources.
83.6% of Dasytinae collected in the Loop Fire were in the burned transects. G. sarothrae
was only present within burned transects of the Loop Fire with an average extensive cover of
4.2%. The presence of G. sarothrae may be a reason for the high proportion of the flower beetles
in burned transects, though it would be expected that the beetles would be collected mostly in the
fall when most G. sarothrae plants were in flower (personal observation). However, they were
mostly collected in the spring 2019 and 2020, though their phenology is not extensively studied.
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CHAPTER 4: CONCLUSION
Little is known about the response of pollinators to disturbances such as wildfire in the
Mojave Desert, where the fire regime is changing from one of infrequent burns that occurred in
intervals of centuries to more intense burns augmented by fuel loads from invasive annual
grasses. A greater understanding of wildfire effects on plant-pollinator interactions can better
allow land managers to make decisions in restoring disturbed lands that take into consideration
pollinator functions in relationship to specific plant communities and characteristics.
This thesis assessed wildfire burns that occurred in the eastern Mojave Desert in 2005 to
investigate the effects of wildfire on the pollinator and plant communities after 14 and 15 years.
This project also addressed if there is a need for active restoration in these disturbed areas.
The differences in pollinators within burn status are varied and are contingent upon the
sampling season and year. Pollinators within the same fire sites, regardless of burn status, were
more similar to each other than they were on the same sites between years. These data suggest
that total pollinator abundance and richness across the three orders of Coleoptera, Hymenoptera,
and Lepidoptera were little affected by wildfire after 14 and 15 years since fire. At the taxonomic
groups measured, it appears that pollinators have converged toward unburned communities more
than the plant communities have.
Although the total community of pollinators in this study seem to be resilient to wildfires,
interpretations were not made on specific individual pollinator species nor how they may
respond to fire immediately after its occurrence. Future multi-year and long-term research of
pollinators are required to discern between fire effects and natural insect community and
environmental variability.
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APPENDIX A: STUDY AREA

Figure A1: Examples of unburned (left) and burned (right) transects at fire sites used for this
study. Loop Fire (a,b) with Coleogyne and Larrea dominance, Diamond Fire (c,d) with
Larrea and Ambrosia dominance, and Red Rock 2005 Fire (e,f) with Larrea and Coleogyne
dominance. Photos were taken in 2019, 14 years post-fire, by N.T. Vivian Sam.
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Daily Average Temperatures & Monthly Average
Precipitation from 2005 - May 2020
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Figure A2: Average daily maximum and minimum temperatures and monthly average
precipitation between January 2005 to May 2020. Temperature data adapted from the
National Oceanic and Atmospheric Administration (NOAA) Red Rock Nevada, NV US
weather station, and precipitation data from the NOAA McCarran International Airport, NV
US weather station.
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Figure A3: Total monthly precipitation from study years 2019 to 2020. Precipitation data
shown are from January 2019 to May 2020. Precipitation data adapted from the National
Oceanic and Atmospheric Administration (Station US1NVCK0082), located 2 km from
the study sites and at an elevation of 1146 m.
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Table A1: Average monthly air and soil temperature in burned and unburned areas during 20
months of the study in 2019 and 2020 in fire sites in and around Red Rock Canyon National
Conservation Area, Nevada. Temperature values are averaged from data points taken every
hour. High and low temperatures are provided.
Month & Year
Mar 2019
Apr 2019
May 2019
Jun 2019
Jul 2019
Aug 2019
Sep 2019
Oct 2019
Nov 2019
Dec 2019
Jan 2020
Feb 2020
Mar 2020
Apr 2020
May 2020
Jun 2020
Jul 2020
Aug 2020
Sep 2020
Oct 2020
High
Low

Burned
Air
12.26
18.79
18.98
28.96
32.58
32.80
26.18
17.70
12.81
6.74
8.57
10.06
11.90
18.11
25.75
29.46
34.02
33.87
29.13
25.94
52.93
-6.42

Average Temperatures (°C)
Burned
Unburned
Unburned
Soil
Air
Soil
12.21
12.30
12.19
20.14
18.94
19.87
21.51
19.12
21.22
31.44
29.36
31.18
35.14
33.04
35.16
34.92
33.06
34.76
29.29
26.37
28.90
19.80
17.47
19.05
12.97
12.17
12.27
6.39
6.12
5.73
7.32
7.51
6.62
10.19
9.52
9.61
13.28
11.99
13.07
20.06
18.15
19.48
29.75
25.98
29.35
33.89
29.80
33.73
37.58
34.43
37.44
36.98
34.06
36.59
31.87
29.02
31.11
27.52
25.59
26.70
56.38
55.52
56.74
-6.77
-10.34
-2.25
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APPENDIX B: PLANT COMMUNITY VARIABLES
Table B1: Effects of burn status on the following plant community variables in 2019. Fvalues, and p-values are provided. Degrees of freedom for all response variables were 1, 2
(numerator, denominator degrees of freedom).
Variable
Forb/Subshrub Cover
Forb/Subshrub Richness
Perennial Cover
Perennial SR
Perennial Forb Cover
Perennial Forb Richness
Plants with Showy Flowers Cover
Plants with Showy Flowers Richness
Shrub Cover
Shrub Richness
Shrub/Subshrub Cover
Shrub/Subshrub Richness
Perennial Grass Cover
Perennial Grass Richness
Larrea tridentata Cover
Cactus Cover
Yucca Cover
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F Value
1.00
1.00
4.40
1.68
1.10
4.25
1.61
3.85
4.38
6.69
2.87
5.57
0.08
0.00
0.23
1.00
1.06

p-value
0.423
0.423
0.171
0.324
0.404
0.175
0.332
0.189
0.172
0.123
0.232
0.142
0.806
01.00
0.681
0.423
0.412

Table B2: Effects of different plant community variables in both 2019 and 2020. F-values,
and p-values are provided. Degrees of freedom for all response variables were 1, 2
(numerator, denominator degrees of freedom). P-values <0.05 are bolded.
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APPENDIX C: POLLINATORS LIST
Table C1: Mean number of pollinators collected per transect within burned and unburned areas
throughout the three seasons of fall 2019 (two collections), spring 2019 (three collections), and
spring 2020 (two collections). Means are rounded up to the nearest whole number.
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Table D1: Perennial plant community variables and Pearson correlations (r) to pollinators, richness, and count of pollinators within
each order of interest in a) 2019 spring (N=54) and b) 2020 spring (N=36). Annual plant community variables and r to pollinators,
richness, and count of pollinators within each order of interest in c) spring 2020 (N=36). p-values are in parentheses and r of p<0.05
are bolded.

APPENDIX D: PEARSON CORRELATIONS OF PLANT COMMUNITY VARIABLES AND POLLINATORS

.
Table
D2: a) Pearson Correlations (r) of microsite canopy volumes (N=75), Larrea
tridentata canopy volumes (N=18), and L. tridentata flower count (N=18) to totals and
richness of orders Coleoptera, Diptera, Lepidoptera, and Hymenoptera, and total pollinators
in a) spring 2019 and b) spring 2020. p-values are in parentheses and r of p<0.05 are bolded.
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APPENDIX E: MICROSITE OBSERVATIONS OF FLOWER VISITORS

Table E1: Effects of burn status on the following pollinator observation variables in 2019
and 2020 within the Loop Fire. Observations took place over the course of three days in May
of each year. Microsite species used were Acamtopappus shockleyi (unburned), Baileya
multiradiata, Encelia virginensis, Larrea tridentata, Sphaeralcea ambigua, Tetradymia
axillaris (unburned), Xylorhiza tortifolia (burned), and interspaces (2020). P-values <0.05 are
bolded. Degrees of freedom for all response variables were 1, 4 (numerator, denominator
degrees of freedom).

Year
2019

2020

Variable
Total observed pollinators
Order richness
Coleoptera
Diptera
Hymenoptera
Lepidoptera
Total observed pollinators
Order richness
Coleoptera
Diptera
Hymenoptera
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F Value

p-value

0.93
0.06
0.08
0.13
1.47
0.00
10.47
7.60
11.34
0.40
0.36

0.932
0.813
0.790
0.201
0.292
0.954
0.032
0.051
0.028
0.445
0.413
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Figure E1: Mean number of observed flower visitors per microsite species (mean + SEM for mean totals) within a) 2019 burned
microsites, b) 2019 unburned microsites, c) 2020 burned microsites, and d) 2020 unburned microsites. Microsite species are
abbreviated as the first three letters of the genus and species: ACASHO = Acamptopappus shockleyi, BAIMUL = Baileya
multiradiata, ENCVIR = Encelia virginensis, LARTRI = Larrea tridentata, SPHAMB = Sphaeralcea ambigua, TETAXI =
Tetradymia axillaris, XYLTOR = Xylorhiza tortifolia, and INTSPA = interspace. Means with significant differences are denoted by
different letters.

APPENDIX F: PHOTOGRAPHIC REFERENCE COLLECTION AND OBSERVATION
PHOTOS
Figure F1: Ashmeadiella species
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(Hymenoptera: Megachilidae).

Figure F2: Diadasia ochracea
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(Hymenoptera: Apidae).

Figure F3: Lasioglossum subgenus Dialictus species
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(Hymenoptera: Halictidae).

Figure F4: Flower visitor Lasioglossum subgenus Dialictus species (Hymenoptera:
Halictidae) on Xylorhiza tortifolia flower. Photo taken in spring 2020 by N.T. Vivian Sam.
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Figure F5: Oligolectic Trachusa larreae (Hymenoptera:Megachilidae) bees nectaring at
flowers of Larrea tridentata in Red Rock Canyon National Conservation Area. Photos taken
spring 2019 by N.T. Vivian Sam.
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Figure F6: Beetles of subfamily Dasytinae (Coleoptera: Melyridae) on flowers of Baileya
multiradiata in Red Rock Canyon National Conservation Area. Photos taken in spring 2019
by N.T. Vivian Sam.
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Figure F7: Beetles of subfamily Dasytinae (Coleoptera: Melyridae) on Sphaeralcea ambigua
in Red Rock Canyon National Conservation Area. Middle: Listrus species. Photos taken in
spring 2020 by N.T. Vivian Sam.
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Figure F8: Top: Lordotus species (Diptera: Bombyliidae) on Xylorhiza tortifolia. Bottom:
Lordotus species on Baileya multiradiata. Both photos taken in Red Rock Canyon National
Conservation Area in spring 2020 by N.T. Vivian Sam.

87

CURRICULUM VITAE
Nha Trang Vivian Sam
viviansam95@gmail.com
EDUCATION
Master of Sciences in Biological Sciences | University of Nevada, Las Vegas
AUG 2018 – DEC 2020
Concentration: Ecology and Evolution
Thesis: Effects of wildfire on plant and potential pollinator community relations in the
Mojave Desert
Bachelor of Sciences in Biological Sciences | University of Nevada, Las Vegas
AUG 2013 – DEC 2017
Concentration: Ecology and Evolution
LABORATORY, FIELD, & PROFESSIONAL EXPERIENCE
Abella Applied Ecology Lab | University of Nevada, Las Vegas
MAY 2016 - PRESENT
x Focused on pre-seed treatments to native perennial seeds of the Sonoran Desert to
improve germination rates for key species in endangered desert tortoise habitat.
x Involved in habitat restoration project at Lake Mead National Recreation Area. Co-led
project and managed 12 student volunteers to plant over 700 trees and understory plants
to a previously inundated area. Monitored invertebrate utilization of restored habitat.
x Studied pollinator ecology apt Glen Canyon National Recreation Area of an endemic
flowering plant. Mounted and photographed specimens to create a reference collection of
insect pollinators.
x Identified over 9,000 insect specimens of the US Southwest
Graduate Assistant – Academic Success Center | University of Nevada, Las Vegas
AUG 2018 - PRESENT
x Give informational presentations of the Academic Success Center’s resources, such as
tutoring and supplemental instruction, to over 1500 students and parents
x Act as a peer mentor to 20 Advanced Studies Program Students (high school students
concurrently enrolled in college courses) through providing support and skills to ensure a
successful high school to college transition.
PRESENTATIONS
Sam, N.T.V. Effects of wildfire on plant and pollinator community relations in the
Mojave Desert. Poster presentation at the Graduate and Professional Student Association
Annual Research Forum, University of Nevada, Las Vegas, NV. 29 February 2020.
Sam, N.T.V. Effects of wildfire on plant and pollinator community relations in the
Mojave Desert. Oral presentation at the Mojave Desert Native Plant Materials
Development and Restoration Workshop, Las Vegas, NV. 11 February 2020.
88

Sam, N.T.V. Pollination Ecology. Biology 444 Plant Ecology. Oral lecture. University of
Nevada, Las Vegas, NV. 03 February 2020.
Sam, N.T.V., L.P. Chiquoine, and S.R. Abella. Increasing Seed Emergence in Ambrosia
dumosa, Encelia farinosa, and Hilaria rigida of the Sonoran Desert. Poster presentation
at the 2017 Title III AANAPISI & TRIO McNair Undergraduate Research Symposium,
University of Nevada Las Vegas, Las Vegas, NV. 17 October 2017.
Sam, N.T.V. Invertebrate utilization of riparian plant communities in a restored desert
watershed. Lightning talk presentation at the Office of Undergraduate Research Summer
Symposium, University of Nevada, Las Vegas, Las Vegas, NV. 9 August 2017.
Abella, S.R., M.W. Rader, and N.T.V. Sam. Conservation stories and student research
in Lake Mead National Recreation Area and southern Nevada. Oral presentation (invited)
at the Lake Mead National Recreation Visitor Center, National Park Service, Boulder
City, NV. 29 April 2017.
Sam, N.T.V., L.P. Chiquoine, and S.R. Abella. Improving germination rates for select
native perennial seeds of the Sonoran Desert. Poster presentation at The Society For
Ecological Restoration Southwest Chapter Annual Conference, Las Vegas, NV. 11
November 2016. (Winner Of Best Student Poster Of Conference Award).
Sam, N.T.V., L.P. Chiquoine, and S.R. Abella. Improving Germination Rates For Select
Native Perennial Seeds Of The Sonoran Desert. Poster presentation at the 2016 McNair
Scholar & Title III AANAPISI Undergraduate Research Symposium, University of
Nevada Las Vegas, Las Vegas, NV. 3 November 2016.
TRAININGS AND SKILLS
x
x
x
x
x
x

Experience with experimental design, data collection, QA/QC, drafting reports, and
writing manuscripts
Knowledgeable in using dichotomous keys to identify North American plants in the
Desert Southwest
Entomology – Training in collection, identification, & mounting of invertebrates
Restoration Ecology – Training in restoration goals and techniques
Forest Ecology – Training in basic forest mensuration techniques and management
planning
EAB 703 – Biostatistics – Training in SPSS in ANOVAs, linear regressions, &
nonparametric and distribution-free statistics
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AWARDS AND SCHOLARSHIPS
MAY 2019

UNLV Graduate & Professional Student Association Summer
Sponsorship - $600
SEP 2018
UNLV Academic Success Center Outstanding Graduate
DEC 2017
UNLV Winter 2017 Outstanding Graduate
SUMMER 2017
UNLV Office of Undergraduate Research Summer Research Funding $1,500
SUMMER 2016/2017 UNLV Asian American and Native Asian Pacific Islander Serving
Institution Summer Research Scholarship - $2,500
NOV 2016
Society for Ecological Restoration Southwest Chapter Annual
Conference 1st place Poster Award – “Improving germination rates for
select native perennial seeds of the Sonoran Desert”
MEDIA COVERAGE
Bruzda, Natalie. February 2017. “Receding Lake Mead creates ideal classroom for UNLV
biology students.” Las Vegas Review-Journal.
https://www.reviewjournal.com/news/education/receding-lake-mead-creates-ideal-classroomfor-unlv-biology-students/
DesJarlais, Timothy K. March 2017. “Conservationists Vivian Sam and Matt Rader are
restabilizing the Las Vegas Area.” www.StudyBreaks.com.
https://studybreaks.com/students/vivian-sam-and-matt-rader/
VOLUNTEER EXPERIENCE
Nevada State Museum | Las Vegas, Nevada
SUMMER 2019
x Identified specimens of order Hymenoptera within the natural history collection
Springs Preserve | Las Vegas, Nevada
SUMMER 2019
x Supported gardens team in the propagation facility
United States Geological Survey| Henderson, Nevada
MAY 2016 – MAY 2017
x Sorted over 3,000 photographs taken from cameras monitoring water sources around the
Las Vegas Valley according to species
UNLV Alternative Breaks | Catalina Island, Channel Islands, California
SPRING 2016
x Worked alongside the Catalina Island Conservancy over the course of a week within
invasive plant removal, beach clean-ups, and trail maintenance
x Attended the Catalina Island Conservancy Naturalist Training
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